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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a control circuit of a piezoelectric 
transformer which can practice a stable step-up operation even if a waveform 
distortion is produced in an input voltage of a piezoelectric transformer by the 
adjustment of a duty ratio of an oscillation signal corresponding to a fluctuation of 
a DC power supply voltage. 

SOLUTION: In a control circuit which generates an AC high voltage for driving a 
cold cathode tube 2, a notch filter 9 whose central frequency is twice a drive 
frequency of a piezoelectric transformer 1 is inserted in a line for applying an input 
voltage Vi to the piezoelectric transformer 1, and a distortion having a frequency 
component with the twice frequency and superposed upon the input voltage is 
eliminated by the notch filter. The control circuit drives a Rosen type laminated 
piezoelectric transformer by a half-bridge type drive circuit 6 with a X/2 mode. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Generate the alternating current high voltage based on the square wave electrical potential difference obtained by 
switching a DC-power-supply electrical potential difference based on an oscillation signal, and the alternating current high 
voltage is made into input voltage. While adjusting the frequency of said oscillation signal according to the result of having 
faced driving the piezoelectric transformer of the Rosen mold in the lambda/2 mode, and having compared the input voltage 
with the 1st predetermined value It is the control circuit of the piezoelectric transformer which adjusts the duty ratio of said 
oscillation signal according to the result of having compared the load current and the 2nd predetermined value which flow to 
the cold cathode tube connected to said piezoelectric transformer. Equip with a notch filter Rhine which impresses said input 
voltage to said piezoelectric transformer, and it originates in duty ratio adjustment of said oscillation signal according to 
fluctuation of said DC-power-supply electrical potential difference. The control circuit of the piezoelectric transformer 
characterized by removing distortion of the voltage waveform generated in said input voltage by said notch filter. 
[Claim 2] The control circuit of the piezoelectric transformer according to claim 1 characterized by removing distortion 
which has the frequency component of this 2 double wave that the center frequency of said notch filter superimposed on said 
input voltage by being set as 2 double wave of the drive frequency of said piezoelectric transformer. 

[Claim 3] Generate the alternating current high voltage based on the square wave electrical potential difference obtained by 
switching a DC-power-supply electrical potential difference based on an oscillation signal, and the alternating current high 
voltage is made into input voltage. While adjusting the frequency of said oscillation signal according to the result of having 
faced driving the piezoelectric transformer of the Rosen mold in the lambda/2 mode, and having compared the input voltage 
with the 1st predetermined value It is the control circuit of the piezoelectric transformer which adjusts the duty ratio of said 
oscillation signal according to the result of having compared the load current and the 2nd predetermined value which flow to 
the cold cathode tube connected to said piezoelectric transformer. Have a capacitor as a detection means to detect said load 
current, and it originates in duty ratio adjustment of said oscillation signal according to fluctuation of said DC-power-supply 
electrical potential difference. The control circuit of the piezoelectric transformer characterized by detecting said load current, 
without being influenced by distortion of the voltage waveform generated in the output voltage of said piezoelectric 
transformer. 

[Claim 4] Generate the alternating current high voltage based on the square wave electrical potential difference obtained by 
switching a DC-power-supply electrical potential difference based on an oscillation signal, and the alternating current high 
voltage is made into input voltage. While adjusting the frequency of said oscillation signal according to the result of having 
faced driving the piezoelectric transformer of the Rosen mold in the lambda/2 mode, and having compared the input voltage 
with the 1st predetermined value It is the control circuit of the piezoelectric transformer which adjusts the duty ratio of said 
oscillation signal according to the result of having compared the load current and the 2nd predetermined value which flow to 
the cold cathode tube connected to said piezoelectric transformer. Equip with a low pass filter the latter part of a detection 
means to detect said load current, and it originates in duty ratio adjustment of said oscillation signal according to fluctuation 
of said DC-power-supply electrical potential difference. The control circuit of the piezoelectric transformer characterized by 
removing distortion of the voltage waveform generated in the output voltage of said piezoelectric transformer with said low 
pass filter. 

[Claim 5] Said piezoelectric transformer is the control circuit of the piezoelectric transformer according to claim 1 to 4 
characterized by being the laminating mold piezoelectric transformer of the Rosen mold. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Concerning the control circuit of a piezoelectric transformer, this invention is used for the driving 

gear of a cold cathode tube, and relates to the control circuit of a suitable piezoelectric transformer. 

[0002] 

[Description of the Prior Art] In recent years, the liquid crystal display is widely used for the easy note type personal 
computer of carrying as the display. The interior of this liquid crystal display is equipped with the cold cathode tube as the 
light source of the optical system which illuminates a liquid crystal display panel from a front face or a tooth back, and a 
piezoelectric transformer is spreading through the pressure-up inverter which makes that cold cathode tube turn on as a 
transformer for pressure ups. 

[0003] As an example of the control circuit of such a piezoelectric transformer, the control circuit which can control the load 
current which flows at ****** and a cold cathode tube to change of the DC-power-supply electrical potential difference 
which drives the control circuit of a piezoelectric transformer to a predetermined value is indicated by Japanese Patent 
Application No. No. 260424 [ nine to ] by the applicant for this patent to precede. Here, it outlines about the control circuit. 
[0004] Drawing 6 is the block block diagram of the control circuit of the piezoelectric transformer which the applicant for 
this patent has proposed previously. 

[0005] Loads, such as a cold cathode tube by which one was connected to the piezoelectric transformer among drawing, and 
2 was connected to the output side of a piezoelectric transformer 1, The resistance for detection for 3 to detect the current 
which flows for a load, the rectifier circuit which changes into direct current voltage the alternating voltage which produced 
4 in the resistance 3 for detection, The error amplifying circuit which 5 compares the output voltage (load current detection 
electrical potential difference) Vri and reference voltage Vrefl of a rectifier circuit 4, and amplifies the difference, and 7 are 
the drive circuits of the bridge type (a half bridge, full bridge) which consists of two or more switching elements etc. LI is a 
coil which shapes in waveform the voltage waveform of the shape of a square wave outputted from the drive circuit 7. 
[0006] Moreover, they are detection resistance for 8a and 8b to detect the magnitude of the input voltage Vi of a 
piezoelectric transformer 1, the rectifier circuit which changes into direct current voltage the alternating voltage which 
produced 9 in resistance 8a for detection, and the error amplifying circuit which 10 compares the output voltage Vti and 
reference voltage Vre£2 of a rectifier circuit 9, and amplifies the difference. 

[0007] And 1 1 is a frequency according to the output voltage of the error amplifying circuit 5, and is an armature-voltage 
control oscillator circuit which outputs the oscillation signal of the duty ratio according to the output voltage of the error 
amplifying circuit 10. 

[0008] When change arises on the DC-power-supply electrical potential difference Vd according to the above-mentioned 
control circuit Since the operating state of the switching element of the drive circuit 7 interior can be changed according to 
the frequency and duty ratio of an oscillation signal of the shape of a square wave supplied to the drive circuit 7 being 
adjusted in the armature- voltage control oscillator circuit 1 1 The input voltage Vi which controls the load current to a 
predetermined value, and is impressed to a piezoelectric transformer 1 is controllable to a predetermined value. 
[0009] 

[Problem(s) to be Solved by the Invention] However, in the above-mentioned conventional control circuit, the piezoelectric 
transformer of the Rosen mold is adopted as a piezoelectric transformer 1. Two switching elements (field-effect transistor 
(FET) etc.) and the drive circuit of the so-called half bridge type which performs switching operation by turns as a drive 
circuit 7 When it drove in the lambda/2 mode and fluctuation arose in supply voltage Vd, it turned out that trouble may be 
caused to the control which holds the load current which flows to a cold cathode tube 2 to abbreviation regularity 
(predetermined value). Here, this problem is explained with reference to drawing 7 . 

[0010] Drawing 7 is drawing showing the input voltage Vi and output voltage Vo of a piezoelectric transformer 1 which 
originated in duty ratio adjustment of the oscillation signal according to the switching operation of the drive circuit 7 of the 
half bridge type in the control circuit shown in drawing 6 , and fluctuation of supply voltage Vd, and waveform distortion 
produced. 

[001 1] The gate signal with which two or more kinds of waves shown in this drawing are supplied to the switching element 
of the drive circuit 7 top (high side side) from the armature- voltage control oscillator circuit 1 1 from a top, The gate signal 
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similarly supplied to a lower (low side side) switching element, The output voltage which the drive circuit 7 outputs 
according to those gate signals, the input voltage Vi of the piezoelectric transformer 1 based on the output voltage, The 
output voltage Vo which the piezoelectric transformer 1 driven with that input voltage Vi outputs to a list is shown, and 
control of the duty ratio in the armature- voltage control oscillator circuit 1 1 shows the case where only the switching element 
by the side of a high side has pulse width adjusted, in this example. 

[0012] Here, the case where supply voltage Vd rises in the direction of + from a predetermined electrical potential difference 
according to a certain cause is considered. In this case, as shown in drawing 7 , the gate signal of the switching element by 
the side of a high side changes with the control of a duty ratio performed in the armature-voltage control oscillator circuit 1 1 
according to the degree of the power surge of supply voltage Vd from the pulse width shown in this drawing with a broken 
line to the narrow pulse width shown as a continuous line. Therefore, the output voltage of the shape of a square wave of the 
supply voltage Vd switched according to actuation of each switching element by the side of a high side and a low side also 
serves as a wave in which fluctuation of the pulse width of the switching element by the side of a high side was reflected. 
[0013] The piezoelectric transformer 1 has the resonance characteristic and a pressure-up ratio and pressure-up effectiveness 
change according to drive frequency. Generally, in a piezoelectric transformer, by the starting resonance characteristic, even 
if the input voltage impressed from the exterior is sine wave-like not a wave configuration but the perverted wave 
configuration, the wave configuration of the output voltage of a piezoelectric transformer turns into the shape of a sine wave 
which was able to take the abbreviation balance. 

[0014] However, Q (degree of the sharpness of the resonance characteristic) of the piezoelectric transformer 1 of the Rosen 
mold driven in the lambda/2 mode is quite low as compared with the case in lambda mode. For this reason, according to the 
pulse width in the gate signal of the switching element by the side of a high side becoming narrow, as a continuous line 
shows from the pulse width shown in drawing 7 with a broken line, distortion will arise in a voltage waveform, and 
according to this distortion, the same distortion as abbreviation will produce the alternating current high voltage (input 
voltage Vi of a piezoelectric transformer 1) which shapes in waveform the output voltage in which pulse width fluctuation of 
the switching element by the side of a high side was reflected with a coil LI, and is obtained also in the voltage waveform of 
the output voltage Vo of a piezoelectric transformer 1 . 

[0015] moreover, the load current (output current) which flows to a cold cathode tube 2 in the control circuit shown in 
drawing 6 — abbreviation control held uniformly is performed based on the result of having detected the actual value of the 
load current. In this case, in the case of the circuitry of the half-wave rectification type of cost-[ the circuitry adopted as a 
rectifier circuit 4 ] relation to a short form, the voltage component of the output voltage Vo detected by that rectifier circuit is 
a part near the peak of the voltage waveform which produced distortion as a continuous line showed to drawing 7 . For this 
reason, if control is performed in the circuit shown in drawing 6 based on the actual value (effective current) of the voltage 
component detected in the rectifier circuit of the starting half-wave rectification type, the actual value detected will be 
detected as such a seemingly big value that the waveform distortion of output voltage Vo is intense. 
[0016] therefore, the load current (output current) which the control circuit shown in drawing 6 originally has when the 
waveform distortion of output voltage Vo arises like the above - abbreviation — by the control function which it is going to 
hold uniformly, as a result, control which makes the load current small carries out, so that the waveform distortion of output 
voltage Vo is intense — having — original — the load current (output current) — abbreviation « the lighting condition of the 
cold cathode tube 2 which should be turned on with the fixed and same brightness will become dark. That is, it turns out that 
fluctuation of the supply voltage Vd in the control circuit shown in drawing 6 causes trouble to the control which holds the 
load current which flows to a cold cathode tube 2 to abbreviation regularity (predetermined value). 

[0017] In addition, why the brightness of a cold cathode tube 2 becomes dark like the above A rectifier circuit is a sake in the 
circuitry of the half-wave rectification type of the short form which detects wave-like forward near (+ side) magnitude. 
Temporarily, in the case of the circuitry of the half-wave rectification type of the short form which detects wave-like 
negative near (- side) magnitude, there is a problem that will become actuation opposite to the above-mentioned case, and 
the brightness of a cold cathode tube 2 will become bright 

[0018] Then, this invention aims at offer of the control circuit of the piezoelectric transformer which performs pressure-up 
actuation stabilized when it originated in duty ratio adjustment of the oscillation signal according to fluctuation of a 
DC-power-supply electrical potential difference and waveform distortion arose in the input voltage of a piezoelectric 
transformer. 
[0019] 
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[Means for Solving the Problem] In order to attain the above-mentioned purpose, the control circuit of the piezoelectric 
transformer concerning this invention is characterized by the following configurations. This control circuit corresponds to 
the 1st operation gestalt ( drawing 1 ) mentioned later, for example. 

[0020] Namely, generate the alternating current high voltage based on the square wave electrical potential difference 
obtained by switching a DC-power-supply electrical potential difference based on an oscillation signal, and the alternating 
current high voltage is made into input voltage. While adjusting the frequency of said oscillation signal according to the 
result of having faced driving the piezoelectric transformer of the Rosen mold in the lambda/2 mode, and having compared 
the input voltage with the 1st predetermined value It is the control circuit of the piezoelectric transformer which adjusts the 
duty ratio of said oscillation signal according to the result of having compared the load current and the 2nd predetermined 
value which flow to the cold cathode tube connected to said piezoelectric transformer. It is characterized by equipping with 
the notch filter Rhine which impresses said input voltage to said piezoelectric transformer, originating in duty ratio 
adjustment of said oscillation signal according to fluctuation of said DC-power-supply electrical potential difference, and 
removing distortion of the voltage waveform generated in said input voltage by said notch filter. 

[002 1 ] Preferably, it is good to remove distortion which has the frequency component of this 2 double wave superimposed 
on said input voltage by setting the center frequency of said notch filter as 2 double wave of the drive frequency of said 
piezoelectric transformer in the starting circuitry. 

[0022] Moreover, the control circuit of the piezoelectric transformer equipped with other circuitry that this above-mentioned 
purpose should be attained is characterized by the following configurations. This control circuit corresponds to the 2nd 
operation gestalt ( drawing 4 ) mentioned later, for example. 

[0023] Namely, generate the alternating current high voltage based on the square wave electrical potential difference 
obtained by switching a DC-power-supply electrical potential difference based on an oscillation signal, and the alternating 
current high voltage is made into input voltage. While adjusting the frequency of said oscillation signal according to the 
result of having faced driving the piezoelectric transformer of the Rosen mold in the lambda/2 mode, and having compared 
the input voltage with the 1st predetermined value It is the control circuit of the piezoelectric transformer which adjusts the 
duty ratio of said oscillation signal according to the result of having compared the load current and the 2nd predetermined 
value which flow to the cold cathode tube connected to said piezoelectric transformer. Without being influenced by 
distortion of the voltage waveform which is equipped with the capacitor as a detection means to detect said load current, 
originated in duty ratio adjustment of said oscillation signal according to fluctuation of said DC-power-supply electrical 
potential difference, and was generated in the output voltage of said piezoelectric transformer It is characterized by detecting 
said load current. 

[0024] Or the control circuit of the piezoelectric transformer equipped with other circuitry that this above-mentioned purpose 
should be attained is characterized by the following configurations. This control circuit corresponds to the 3rd operation 
gestalt ( drawing 5 ) mentioned later, for example. 

[0025] Namely, generate the alternating current high voltage based on the square wave electrical potential difference 
obtained by switching a DC-power-supply electrical potential difference based on an oscillation signal, and the alternating 
current high voltage is made into input voltage. While adjusting the frequency of said oscillation signal according to the 
result of having faced driving the piezoelectric transformer of the Rosen mold in the lambda/2 mode, and having compared 
the input voltage with the 1st predetermined value It is the control circuit of the piezoelectric transformer which adjusts the 
duty ratio of said oscillation signal according to the result of having compared the load current and the 2nd predetermined 
value which flow to the cold cathode tube connected to said piezoelectric transformer. Equip with the low pass filter the 
latter part of a detection means to detect said load current, and it originates in duty ratio adjustment of said oscillation signal 
according to fluctuation of said DC-power-supply electrical potential difference. It is characterized by removing distortion of 
the voltage waveform generated in the output voltage of said piezoelectric transformer with said low pass filter. 
[0026] In addition, also in which the above-mentioned circuitry, it adopts the laminating mold piezoelectric transformer of 
the Rosen mold as said piezoelectric transformer and is suitable. 
[0027] 

[Embodiment of the Invention] Hereafter, the operation gestalt of the control circuit of the piezoelectric transformer 
concerning this invention is explained with reference to a drawing. 

[0028] [Operation gestalt of** 1st] drawing 1 is the block block diagram of the control circuit of the piezoelectric 
transformer in the 1 st operation gestalt. 
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[0029] Although the control circuit mentioned above is based on the control circuit explained with reference to drawing 6 , 
and the overlapping explanation is omitted since it is the same about the fundamental drive approach of a piezoelectric 
transformer 1 As a piezoelectric transformer 1, it is the so-called Rosen type of piezoelectric transformer component. And 
adopt as the interior of the primary side the piezoelectric transformer component of the laminating mold with which the 
internal electrode of two or more sheets is calcinated, and, in addition to the circuitry shown in drawing 6 , it sets to Rhine 
which impresses input voltage Vi to the piezoelectric transformer 1 . It is characterized by having a notch filter 9 between one 
terminal of a coil LI, and one input electrode of a piezoelectric transformer 1. For this reason, in the following explanation, 
the control action attained by this device is explained as a core. 

[0030] In this operation gestalt, the control circuit shown in drawing 1 is the resonance frequency whose drive frequency fd 
is 100kHz of abbreviation, and is driven in the lambda/2 mode. 

[003 1] Drawing 2 is the drive circuit 7, a coil LI , and drawing that extracted the circuitry of a notch filter 9 in the list among 
the control circuits of the piezoelectric transformer shown in drawing 1 . 

[0032] It is the oscillation signal fosc with which the drive circuit 7 is outputted from the armature-voltage control oscillator 
circuit 1 1 in this drawing. It is the drive circuit of the half bridge type with which the switching elements 7a and 7b, such as 
FET (field-effect transistor), perform switching operation by turns according to a frequency f, and since the actuation of this 
drive circuit itself is common current, the detailed explanation in this operation gestalt is omitted. 

[0033] In Rhine where a notch filter 9 impresses input voltage Vi to the laminating mold piezoelectric transformer 1 of the 
Rosen mold, parallel connection of the coil L2 and capacitor C 1 by which the series connection was carried out is carried out 
to the reference potential (GND) of the control circuit concerned. 

[0034] In this operation gestalt the inductance capacity of a coil L2, and the electrostatic capacity of a capacitor CI Relation 
is satisfied, matching takes in order to start series resonance - having - **** -- 1 ** l/(4pi2fo 2L2) of C - In the frequency 
characteristics of the notch filter 9 which shows an axis of ordinate to drawing 3 made into the absolute value of the 
synthetic impedance Z of a coil L2 and a capacitor CI, the center frequency fo is set as 2 double wave (fo=2fd**200kHz) of 
the drive frequency fd of a piezoelectric transformer 1 . 

[0035] The coil LI which shapes in waveform the high voltage of the shape of a square wave outputted from the drive circuit 
7, and a coil L2 have the size relation (L [ as opposed to / For example, L / 1= 4.7 microhenries ] about 2= 47 microhenries) 
it is unrelated L1«L2. 

[0036] moreover, matching with the electrostatic capacity C of the primary side field of a piezoelectric transformer 1 takes 
the inductance capacity of a coil LI that pressure-up actuation with the sufficient effectiveness by the piezoelectric 
transformer 1 should be realized - having -****-- Ll**l/(8pi2fd2C) thru/or l/(4pi2fd2C) - relation is satisfied. 
[0037] It originates in duty ratio adjustment of the oscillation signal by the armature-voltage control oscillator circuit 1 1 
according to fluctuation of the supply voltage Vd explained in the control circuit of this starting operation gestalt by "Object 
of the Invention" mentioned above. When distortion which has the frequency component of 2 double wave of drive 
frequency fd is overlapped on the input voltage Vi of a piezoelectric transformer 1, the distortion Since it is efficiently 
absorbed in the notch filter 9 of center frequency 2fd, the control circuit which can impress the alternating current high 
voltage after distortion was removed to a piezoelectric transformer 1, and is shown in drawing I The control action which 
holds the load current which flows to a cold cathode tube 2 to abbreviation regularity (predetermined value) like the case 
where waveform distortion has not arisen, and abbreviation is continuable. 

[0038] That is, according to this operation gestalt mentioned above, pressure-up actuation stabilized when it originated in 
duty ratio adjustment of the oscillation signal according to fluctuation of a DC-power-supply electrical potential difference 
and waveform distortion arose in the input voltage of a piezoelectric transformer can be performed. 
[0039] [Operation gestalt of** 2nd] drawing 4 is the block block diagram of the control circuit of the piezoelectric 
transformer in the 2nd operation gestalt. 

[0040] The control circuit mentioned above is based on the control circuit explained with reference to drawing 6 , and 
although the overlapping explanation is omitted since it is the same about the fundamental drive approach of a piezoelectric 
transformer 1, with this operation gestalt, the capacitor 13 which detects the load current is connected instead of the 
resistance 3 for detection which detects the load current shown in drawing 6 . For this reason, in the following explanation, 
the control action attained by this device is explained as a core. 

[0041] In this operation gestalt, the control circuit shown in drawing 4 is the resonance frequency whose drive frequency fd 
is 100kHz of abbreviation, and is the lambda/2 mode, and drives the laminating mold piezoelectric transformer 1 of the 
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Rosen mold. Moreover, the drive circuit 7 is a drive circuit of the half bridge type with which switching elements 7a and 7b 
perform switching operation by turns like the 1st operation gestalt. 

[0042] It originates in duty ratio adjustment of the oscillation signal by the armature- voltage control oscillator circuit 1 1 
according to fluctuation of the supply voltage Vd explained in the control circuit of this starting operation gestalt by "Object 
of the Invention" mentioned above. When distortion arises in the input voltage Vi of a piezoelectric transformer 1, the place 
where waveform distortion occurs also in output voltage Vo according to the distortion with this operation gestalt Since the 
capacitor 13 is formed as shown in drawing 4 , the waveform distortion superimposed as a high frequency component of the 
output voltage Vo is not detected in the rectifier circuit 4 of a half-wave rectification type in this operation gestalt, but, as for 
the rectifier circuit concerned, only the fundamental- wave component of output voltage Vo is detected. 
[0043] Therefore, since a rectifier circuit 4 does not need to be influenced by the output voltage Vo influenced of the 
waveform distortion even if it is the case where distortion arises in the input voltage Vi of a piezoelectric transformer 1, the 
control circuit shown in drawing 4 can continue the control action which holds the load current which flows to a cold 
cathode tube 2 to abbreviation regularity (predetermined value) like the case where the starting waveform distortion has not 
arisen, and abbreviation, based on the fundamental-wave component of the output voltage Vo of a piezoelectric transformer 
1. 

[0044] That is, according to this operation gestalt mentioned above, pressure-up actuation stabilized when it originated in 
duty ratio adjustment of the oscillation signal according to fluctuation of a DC-power-supply electrical potential difference 
and waveform distortion arose in the input voltage of a piezoelectric transformer can be performed. 
[0045] [Operation gestalt of ** 3rd] drawing 5 is the block block diagram of the control circuit of the piezoelectric 
transformer in the 3rd operation gestalt. 

[0046] The control circuit mentioned above is based on the control circuit explained with reference to drawing 6 , and 
although the overlapping explanation is omitted since it is the same about the fundamental drive approach of a piezoelectric 
transformer 1, in addition to the circuitry shown in drawing 6 , the low pass filter (LPF) is connected between a rectifier 
circuit 4 and the error amplifier 5. For this reason, in the following explanation, the control action attained by this device is 
explained as a core. 

[0047] In this operation gestalt, the control circuit shown in drawing 4 is the resonance frequency whose drive frequency fd 
is 100kHz of abbreviation, and is the lambda/2 mode, and drives the laminating mold piezoelectric transformer 1 of the 
Rosen mold. Moreover, the drive circuit 7 is a drive circuit of the half bridge type with which switching elements 7a and 7b 
perform switching operation by turns like the 1st operation gestalt. 

[0048] It originates in duty ratio adjustment of the oscillation signal by the armature-voltage control oscillator circuit 1 1 
according to fluctuation of the supply voltage Vd explained in the control circuit of this starting operation gestalt by "Object 
of the Invention" mentioned above. When distortion arises in the input voltage Vi of a piezoelectric transformer 1, the 
waveform distortion which waveform distortion generates also in output voltage Vo according to the distortion, and is 
superimposed as a high frequency component of the output voltage Vo Unlike the case of the 2nd operation gestalt 
mentioned above, it will be detected by the resistance 3 for detection like the conventional technique shown in drawing 6 . 
However, with this operation gestalt, as shown in drawing 5 , LPF 14 is formed, and the distortion component (harmonic 
content) contained in the detection electrical potential difference is removed by giving LPF 14 to the electrical potential 
difference detected by the resistance 3 for detection. 

[0049] Therefore, since a rectifier circuit 4 can rectify the electrical potential difference which does not contain the starting 
distortion component, it can compare the fundamental-wave component of the detection electrical potential difference 
concerned with reference voltage Vrefl as a load current detection electrical potential difference Vri which expresses the 
magnitude of the output current (load current) with the error amplifier 5. 

[0050] namely, when distortion arises in the input voltage Vi of a piezoelectric transformer 1, the control circuit shown in 
drawing 5 Although the effect of output voltage Vo influenced of the waveform distortion is received in the detection 
electrical potential difference produced in the resistance 3 for detection, a wave-like distortion produced on the built 
detection electrical potential difference Since it is removed in LPF14, the control action which holds the load current which 
flows to a cold cathode tube 2 to abbreviation regularity (predetermined value) like the case where waveform distortion has 
not arisen in input voltage Vi, and abbreviation, based on the fundamental-wave component of the output voltage Vo of a 
piezoelectric transformer 1 is continuable. 

[0051] Thus, according to this operation gestalt mentioned above, pressure-up actuation stabilized when it originated in duty 
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ratio adjustment of the oscillation signal according to fluctuation of a DC-power-supply electrical potential difference and 
waveform distortion arose in the input voltage of a piezoelectric transformer can be performed. 

[0052] In addition, although each operation gestalt mentioned above explained as that whose rectifier circuit 4 is a rectifier 
circuit of a half-wave rectification type, the same effectiveness can be acquired also when the rectifier circuit of a 
full-wave-rectification type is applied. 
[0053] 

[Effect of the Invention] According to this invention explained above, offer of the control circuit of the piezoelectric 
transformer which performs pressure-up actuation stabilized when it originated in duty ratio adjustment of the oscillation 
signal according to fluctuation of a DC-power-supply electrical potential difference and waveform distortion arose in the 
input voltage of a piezoelectric transformer is realized. 



[Translation done.] 
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^-t-^ ttzm^-rzEEw. b ^>*©fw<siiass-c&-> 

r. 

7?-:7 -y ;U2£t|;i, 

H«IBii:SSm?®SEECD^St)CCl£;D/cBU3B^ff -Sf©? 1 - 
r £EH h 5 >*©ffl»EII5. 

sbeh b 9 > * ©|gi&jgi&$E© 2 fs&(tis:;£ 3 nr «, » s 

igfSE££#;0. *©3a*WWE4A#*BE<bL't. a 
LT, *©A#«E±m©i^fI£*Jt«lxfcl8*«: 

r. 

X.. 

SirfiBfiSSS?®SE©g!«lK:iCDfci>riB^Jg{i ^©t^ - 
T^JtfSgCcjgHU-c. BiTfBEflh7>^©W*SE«: 
&£0fc^E$ff2©2^tJ:SI^£SWSc£&< . 

©ftHjasss. 

7^>^T£C<tCCj:«3f#e>ft *»$1IE£*&c£fifE 
iS^E?r*^L.. *©3»tWttE*A2J«E£l,T. a 
-fe'>S©Eth7>^4A/2t- K-CigStrrStCRSS 

nb^^xfcmmzfttc&ffl&'Bicmtizfffinmtm 

2 ©B^S<B<t gtttt Ltctemiafc or mrtB^Jifi^©^ 
i-f-( JtSriSST 5ES h -5- >x©$ugmsg-c£> 
r. 
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HlJlBiEijfEm^E©^^^ CCDfc M IBffeSSft-^© a. - 
fwJtHKcejBHlx-c. «r^*h5>*©tH;b«EE«: 
#6£t/fc^E&Jfc©3§#*. m&n-^z? j )\>dnc£ 
r>T»***C£*1$«£rSBE«h5>*©IW»ll 
8§o 

[»#»5] BufBESh7>^«. n-~tf 
MEt h 5 C t *«»tt &m$gi 1 TiMfS 

*^4IB|g©E^ h 5 >*©W8PI3». 

[0 0 0 1 ] 

[«9!©JHT SSWflflF] E^h^>x©*iJ 
{BPSHKCHO. «*.«. ftlftff*©IUHKKK:fU10-C 
*KBaE* h 9>*©IWaHsliStt:l»-r*. 

[0002] 

[&*©&'*] jeep. ^aaKossfty- hh/<-v 

^ 3 > f a - * miC it. ■€■ i L TSfiSbn 

» . mihWkjn' < * n> & mm & it « ws*^ e> tm* z, 

20 3R©*jR4 0r. ^«il6tlt:ii>), *cw^tt 
fl»*jiWT 3 -tt £^E ^ ir (ctt. J?Effl h 5 > X 

[0 00 3] C©J: 9 SEI h 5 >^©$UtSHsIg§©— ^ 
£ Ut\ *«WlBA«:«tiMfr&»IK¥9 - 2 6 0 4 
2 4#tc«, E^ h 9>^©WWIllS*IB«|-r4iai*« 

So cct. -e-©$ij®[5iss{coc^-cSifiji-r.5„ 
30 n.b?isx<Dmwm&<D7uvi?mi8mx'$>i>. 

[00051 141, l«E«h-7>^, 2«Elh7> 
^ 1 ©a#fflCcg»S ftfc«H*ffiW©Hfflr. 3 BftjHr 

Sg. 5«B^lHlSS4©ttl^SE (fi^®S«imSE) V 
ri 4S*i^EV refli 4tbf5L/r ^©M?:if igf 2>WM 

ismm^s . 7 »«GK© i/^^*^ 6 % S ^ y 

[0 00 61 3ifc, 8a. 8b«Eih7>Xl©A* 

iev i ©A-#3*tfcffi-r*fc©©tfcmigta. 9imm 

HIS. 1 0«BiJi£[5IS§9©Ul*mEVti<!:S**mEVre 
R±*tt«OT*©fi*»«T*W&«MBIittr*S. 

[000 71-eur. 11 «mskhbibsB5 ©ua«s 
(ci&o^jaiffiKr. MoK&ttHssB i o ©(HAWEcc 

so [0 00 8 ] ±iB©*U8P@88«:«fc*itf. jBiiK«iB«EV 



3 

&gfc£7 r ^-^tb£#II3^3ft£©K:j£DT. IgBftll 

h 5 >x i icepjjnsn&A^itEEv i zmmwcwmr 

[0 00 9] 

3fe<D*tJSP(5|SStc*sC»-C . EE^h-7>* 1 £ Ltd- fe'> 
S©II^h^ U Mo|gaJj[lS§7 iLT20 

©*-f »*>yj&?- (1|?MF7>^^ (FET) 

[00101H7B. H6«cS%-riW8SJIal»K:4jW*-'N- 

7 ^ ? ^©lEi&iiisg 7 cdx ? > ygirfg <t . mas 
mm v d ©sottccie d /c^tim^©^^ - y -< jtnsfc 

i Rvmjjns. v o i ^ti-c*5„ 

[ooii] HH{cs*-r«»aan©iftjB«. ±a>6, « 

ffiHttftffiHlte 1 1 A^6IESiilHl8S7©±ffliJ (/Wif-f K 
fflii) ©;W ^^SHHcttS&^tt&y- IbJC 
<TW <n*~y-f HW) ©*W »?->y3R-?{cttt&3ti 

sy-Kt-^. -€-n6©y-Ki#(cfieorig«)HiS7 
aim** sHtfjwaE. *©w**jE*Jt«:-r*E*h5 

>^ 1©A^BEV i . ffiO-K-?-©A^mjEV i &C<fco 

■crews nfcE« h =7 >x i aitftfrr&fcb^HKv o * 
^(/tteD, cow-ck. *EEffli9ift£iiBg i uctew 

S7 r *-^-fi:b©©J8PK:<t ( 3. 'Wt^ Kffl'J©*^ ? 
[0012] CCt, {5J^©MH(cj:or^mEV 

[37{C7n-r«t5{c. ^^if-f Kifi©x-c ^^>;y 

St-7-©y- Hf-sftt. ^iEiflEV d©mjl±#?©g£t,> 

^-r&w-ouxiiiK^b-rs. '&r>x> >^ava kmr 
? ^>^$n^^as^BEVd©j§^tt©ta^mE 

[0013] itt«aa*tt*wu-c*t»j. 

igja^^tctfecr^EEtb^ffi^Ai^b-rs. -02 
SPJ: 0 EPtt) 5 A^^BE*iJEK^©^?f^-C{*% 
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<ommmmim<DUiritciEmm. tut,. 

[0 0 14] L*»0ft#S6. A/2*- KtCTffittbfc 
D--b*>M©IE^h7>X 1©Q (^t^tt©it3©a 
^CO «. A-t- K©iS^£ibe?L.r*^f)iS^„ C© 

6n-S>3?fiiEiif^£E (SEM\-^>X 1 ©A^EEV i ) 
«. FflW©*^ v ^>y^©y- hfi-^itfc 

10 WS^'JUXi|iI*5«<^S©{CC&Dr > 07KiRi-CSt 

c©m*«:cdg-c. ee^ h i ©m^mii 
v o (DMKm^icbmmm^m^^. or u $ *> . 

[0 0 15] H6«:s«*iWtaiH««:*ji,»-c. ftfi* 
&tWPtt. -€-©ft^m«t©SS^lfii?:^abfci|sSmKS-^ 

orfffctoft-cn*. £©*§•£> genres 4 teSfflsti 

20 o©HIB&»-«:. S7{CH^-C^-riP<M^?r 

^Gfc^ffij^©!!--^^©^^*^. C©/ci{). 

[ooi6] fie-p-c. ±is©*p< a^j^jiv o©^M 

30 tSfiBCCtO. ^iL-T. m^lEVo©^S^*^ 

s -c*j:T-r-< t ismmw 2 ©.^.*Ttfc«*s. n<^rt/ 

*-5o BP^» H6«:^-r*iJffll[as§(c*jW.2.^i®^EEV d 

[0 0 1 7 ] ra. ±l2©Ap<^©g2©BJ^$*iBg< 

©A* 3 ?r^W-rafgiaM©^^?jS£SC©[51Sg^t?/c 
40 itoX-$>*). (5iC. ^©ft©ffllj (-ffllj) ©A#3?r«im 

-ra®^M©^^^©iHiss«^©ti^w. ±ie©i« 

[0018] fCT*^tt, ifiii£^^E©^Bai«:ft; 

>^©A*®I{c&?15M**^ D /c«^«:fct,>-c 
t//c^Ejft(^tf ^ffm h 7 >^©$Uai|5]S8©S«?: 

[0019] 

50 mmzmm- ztc&o^m ±.$z<Dmmzmj&-rz>tc 



5 

titzimtTz. cvfflwmm*. mB. i$MTz>m 

i vm&m (si) icttit-rz. 

[0020] bp*?. ftmmmcm^rm.WL'mw.mE.z 

x, n— \£isw.<omn h7>^4A/2t- KriEHi-r 

tt*«cj£ 0 TiWI B&ilff -*f©Ja$tfc£tSS|-f &<!:*«:. 

% i 2 ©BfJEffl i * WR O fclS*Cc j£ t; T milE^Jgff 

4-jt. «rBBffi«h5>;*{Cfl<riBAA^*Effl!ioT-5 5 

©^ffijccfS d /cfffla^fSff 7 s * - f - -/ JtHficegH 
ir, SnBA^Eic^utemffiS^©^^ iiufE 
y v * v h )\> z «c «fc -o -ci^st h c i & -r 3 . 
[ o o 2 i ] »* o < b. «4iaj8«fiS{c*ji»r . urea 

y v * V < ;u £ ©tfi^jgj&Sfcfc . ftriBEEm h 5 >X©|g 
Sb^^tfcCD 2 fiffiftCCRjerS C £ CC «fc 0 . BMfBA;fr«SE: 

Kit o ten. 2 ffif«©ffl«»isR»* wr Ki^-r 

CO 0 2 2 ] ±K©RBW*»llW^<«©lHlB 

#Sii1-So COIWfflliaiStt. SS&2© 
£ttt£Aft (04) cc*tit>-r-5. 
[0 02 3]|i^, »«fi-9«:»-^i,»ri£i»«««E4 

^ifoflSSIE^fiSU ^©5&jlEi«mEE£A;>3®3E£l> 
t, a-42>M<DEES h v>X?rA/2*- K-C|gft)-r 

IS*«:i£:i;rfliria»fifll#©JHiS«*ras-r * t*<c. 

»i IB 2 ©ffJEffli * JtR Ofc*S*tcjK D T mTfB^Jgff 

#©7^-7- .< Jt«mF**«EE* v => >*©wwin»"c 

>1f-*fl*.T:b*). BtTfBitijfe^ilS^lEcD^SKciED/cHfr 

c 0 0 2 4 ] 4tb>B. ±K©0aw*jftai-r'«< flfe©@ 

!^J36*fiteSBE«h5>;*©IWffllISKH:. trF©*JiS 

^titi. c©sihjmeissb. aar4»3 

©JtfBBtt (05) tc*ft&*-&. 

[0025] bp*. *jas#«:a-^i,»'cas:*««aBE* 

&SMttIJEEe£j&U -€-©£i£il5mEE£A;>jmEE<t 0 
r. P--t»>§S©E@h-7>X£A/2*- Frllt 
SfcBKLT. *©AA*E£»l©»Beffl£*]t«Lfc 
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friEftflf«i!fe*«kffir4«ia*s©aBiK:o- 

^ . ffriaBtiMNR(*JE©£lb«: 

tSDfcmriBlSgfl-^o^^-^^tblSSlccsaHbr. Bu 
IBE^ V 7 >*©Hi#«IS«c#6£0fcWEia»B©fI* 
mjfBci-^'X? ■< >\>ZlC&iXm : £?2>C.t$:l<$m. 

10 <t-rs. 

[0026] ±IB©f5jn©lelK^Cc*j^r fc. a 

xnmisxvmx&z. 

[0 0 2 7 ] 

[0 0 2 8 ] [ari a^m^tt] bib. mi ©HJfi^ 

20 [0 0 2 9 ] ±iiSbfcWffll0»8«. 0 6 ?r#MbriftBJ 

««ISr***. EE^f-7>x 1 iL/t, BfsiP--fe'>M 
©dm h 5 >Xf£T--c* -or. fio-?-© 1 ^flMortSB 
tC t 1t^©F«9gI5Sffi^fiX5 nrc^ -2>SJl^©idE^ h 

vyxm^nmh. metcTx-rE&m&icmtLx. * 
<Dj£mb7>x i«:A*^ffiv i ttmrzu >«:*» 

^r. n-f-'UL l©-#©JSS-?-<!:. EE^h7>^l©— 
^©A^J^ffi<!;©racc. /'•;f7^J^9 5:ii5i:i 
30 £#©<!: trc^„ C(Dtc&>> MTOUmiCto^XlZ, 

co^snxicj; •oxmf&ztizftmmtz tux 

[0030] *issfi^«{c4Bc»-c > 0 1 (c^-r©j?aiii]g§ 
». mnmmti t d *5bs 1 0 0 k h z 

[ 0 0 3 1 ] m 2 «. si jc^-riEm h 7 >x©»[5i 

SS©-5*. |g«)lHl8§7. 3^;UL1. 
)IZ 9 ©I5|S§«^^L//cS-C*-S 0 
[0032] ISJStCfcliT. |glft|5]8S7». ^ff^J®^ 

40 tgiHiss 1 1 iph mti 3 ns^tiff # f osc ©jg&gt f «: 

mCX> F ET (^W5?ft* h-7>^X^) ^©X-f ^ 
> 7 a . 7 b ifi^KVZX 4 ifMitZfttj: *> 
s\~y?i) visM<DmW>Eld&X$>K> . C©|gKi|5jgg©8tj 

[0033] s v*v ^;u*9B. a— t2>M©fflJ!M 
BE^h7->X 1 (CA^^EV i *EnttJ-r47-OK*jt5 
T. ii[5tJ^3n/c=i^^L2 in^fyfC 1 

^$ij©iHi8S©smis{4 (gnd) icttuxmm&z 
so nrt»€>. 



[0 0 3 4 ] XmJMBBlcte^'C, n-01/L2©-T># 

ffi*mCT'<<'?v?->#1)mtbtl-C*5K) . Cl^l/ 
(4tc 2 fo a L2) fcSll^fciSSL-Tfc*). ISM& 
3-OUL2 ta^^-frC 1 i<D-^RS;'f>f-^>^Z 
©i|&*tffi £ T -S 0 3 tCffc? J -j V a JV $ 9 <bm%8&& 

IE8tlJl$&f d©2{g$? ( fo= 2 fd^2 00 kH 

z) (cias^nri^o 

[0 03 5](Bttiai87 3&»6ffi*Stl*JiJgift«Oi»* 10 
E^iflf-ri^-fiUli, 3-fJH2itt, LI 
<<L2!tt£A/MI8^ (WLtfL 1 = 4. 7iiHCt*tL, 
TL2 = 4 7fzHflgO 

[0 03 6] \<D4Zs99Z >X^S 

B. EEH h 5>X 1 {C£*^<Da^fflEttf*fcSe»-r 
"*< . EES h 5 >X 1 CD 1 %MtR«OVf$lC iCDv 
9?>jW86tVC*9. LI = 1/ (87c 2 fd 

2 o 7iMi/ (4 7C 2 fd 2 o ttaisnj&*»j&T 

[0 0 3 7 ] ^-S^Uffeje^OWI^lHlKtCtetir. ±» 20 

^EVd ©^Sbfctc; d fcWBEMfPft&BB l l cc «fc 
<OXt>nS.V i K, KKtia&SS! f d©2{g)£©Jli£i!(Jj£ 
£fc2 f d©>5»^7 9{c48C»r5*^<ffiiJRSn 
X KCEPftlT SCim. H 1 K^f*tHJP@H5tt. * 

[oo38]f%, ±aoyc*nife^gg{c«fcn« > Has 

®Ei®I©aL«i{ciS D teSlffCf 3.-7- h JfcsHSStC 
jaHLt. J£Sh^>x©A;frmEKig8fe^#£Gfc 

5. 

[0039] im2o>mmmm H4». n2©5Qfe7& 

[0 04 0 ] ±j£L>/cffrfJ$J[5]Sg«. H6^#ML"CUiHj 4 0 
LA:IW»iai8*a*i LTfcD . EES h v >X 1 ©S# 

tn3©«t)<3(c. ^mmmmvit. nwmwt^m-n> 
[0041] *n*s^ss{c*jt,>r. S4K7n-r$u®iHi8g 

«. IBttJS&& f d *iB§ 1 0 0 k H z . 
IoA/2t-Kr. D-Hz>MCDSJlME^h7>X 50 
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mmtCXJ ^5=->y^7 a, 7 b#£Stc;W 

[0 042] ^•5*HSSffJfig©$iJ©|5lgS4i:*J^-C. ±& 

SEE V d cD^8fr«:)£ D fcSEE3HJ{S)#Stg[nI?g 1 1 «c J: -5 & 
^fg-^c^^-^-f ibilffi«ceHur. EEH h ^ >x l 
©A^SBEV i (c^#as£cfct§-£. -5-©ai#K:jc;c-c 
tb^SBE V o CC fc&^M<&##££-f -5 iC^, :*3Q6Jfc 
BSt?«. S4cc^f«fc i 5«:3>f r >if l 3*sg:W6nr 

ifc[5]S§4(Cfcl,>T«&liJ<*n-r. ^ig^lplSSB^ Hi*) 
HBEV o <DW&m&fttcVZtfiM?Z Q 

[oo43]t-5t. s4(C7K-rsiJiaiiiiss«. esf? 
>^ioa^iev i t,cmfr&£ctcme>-e&iX'b, 

£. ^[5]8g4*5$wr(C^tffcJt>. 
DT^^^it^iBSISI^C. JE« h 9 1 ©ffl*«E 

[ 0 0 4 4 ] BP%. ±a50fc*3QteBJIR«: «t*i«. i£«E 

ttsnBE<z>£ftta£ ctcmmm ^<o? ^ - r -< tmmc 

SSlt, EEmh7>X©A^jmEE(cigJf^^*^Dfc 

[0045] [^3©nsfe^] 051*. m3<omm 

[0046] ±i« 0fcWWIIH8«. H 6 *#«lOr|ftW 
4tm£mm&5<Dffl(,C> D-;U7^I<$ (LPF) 

■ffl&&2tix^2>. c<Dtcib, J^T©^ic*$c=«r«, 

[0 04 7 ] *38Stog«cc*ji,>r. 04{c^-r$iJffli[iIS§ 
«. Igfibii^ f d *iBS 1 0 0 k H z ©ftti^^-C. 
nA/2t-Kr, U-i2>M©S)l^Emh-7>X 

l*IBtt-r*. HK>|5ISS7«. ^l©||SS^«li 
|5]fil«:x-i' •7 5 L > : yjg^7 a, 7 brts^SKX-r 

[0048] {&z*nmzm<Dmffl®fflc&i,>x > ±.& 
vtc r^*5^o«fc^i-r^ssj icxittwLtcmm 
mKv d <D$smicfcctc'mE.ftm&M®$& 1 1 tc i-si? 

^^©f'^-f-^tbsa^fceHL/r. Elh7>xi 



(6) 



m 2 <Dmmmi&<Dm& t «s& o . me icnk-rwmffi 

a>b&**e>. ^HJfiff^-Ctt. 0 5&C7rrrj;MCLP F 
fc^EKLPF 1 4 3 ft ■*>£<!: -e©&a^ 

[ o o 5 o ] §5 K^rwitanaaB. urn h ^ > 
^ i (oxJinKv i «cs**^c*:*a^tc»a. ^<Dmi 

CS«0ES©S*«. LPF 1 4«C*5t»r»*Sn4fc 

lite . EES h7>Xl ©ffl^K V o ©«:£$/&5KtB 
-?c»r. feRMHr2 (tisSft.£:ftffiS?jS»£BS— % (Bfft 20 
fit) (c«j#raw»»fp«r«i»rsci*s-c*s. 

[0 0 5 1 ] c©«fc5K:. _tSBOfc*59S0»K:J:*. 

vewm^mm or . ei h ?>*©A2>®Ect&0s# 

[00521 W. ±il5l/fc#3S*WB«rctt. SSS615IK4 

f#5Cimi. 30 
CO 0 5 3 3 

tf6W©5am] «±»i»l,fc#ISWe<J:ft«. iftiftttS 
^©^ffibtcifc DfclfcJSMI-sf ©7 s * — y -r JfcH&tcgaH 
L-c. JE*h5>*©A#«EK:iS9Bffi***£i;fc«te* 
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'<anuss©ffi«*i^f So 

CHiB©1Bfmft5fiW3 

[0 1 ] » 1 ©3aS*«KC*iWSffi* h 9 >X©tWPB 

[i2i SHc^-rn«h^>^©*ir(aiiis§© j 5%. gg 

[03] *36S6««McteW*>' v^7^;U*9< 
[04] a»2©S«fi»»{C*jW*BE«h'5>^©iWfflI@ 

sg©^a y *«saat?*«. 

[ 0 5 ] Jfl 3 ©I666^!S«:*JW h 5 > WMWM 
[0 6] 2fc«ta«A3ftJ5feCC!«RLrt»4BE*h5>^© 

(W8Piatt©:/n » * «raas-c*s. 

[0 7] 06(c?n-rftiJfflJ|5iBS(ctett4^-7^'j 
©fgBblslSS 7 © x 4 », 5=- > dWfc i . ^iSSE V d ©^ 

KifcrsDfc^gm^©^*-^ -/ jtaiSEKieHLrag^ 

EEV oi^f 0-e*-s o 
[ft#©lftgj] 

1 : Elh7>^, 

2 : &Ntmr. 

3 : tlttlfflffifn, 
4.9: SgiifEIali®. 

5 . 10: RS«iM@H, 

7 : mmmfe. 

7a, 7b: 7>4v*ls9$fr, 
8a. 8b: igS&SEEtStiifflita. 

1 1 : nssm^tsmn. 

1 2 : J v 2-7 -/->!/£. 
1 3 : 3>f r >-y-. 

1 4 : LPF (o->^^7 , 
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